The characteristics of nitrate uptake and induction of nitrate reductase were studied in excised roots of corn (Zea mays L.). Upon initial exposure to nitrate, the low initial rate of nitrate uptake gradually increased until a steady uptake rate was achieved in 1 to 2 hours depending on the NOa-concentration. The pattern was observed over a wide range (0.2-5 mM) of nitrate concentrations and was independent of the accompanying cation.
The uptake efficiency of the root plays a major role in regulating the amount of nitrate supplied to the plant when availability of soil nitrate is not a limiting factor. Only a limited amount of work is recorded in the literature with regard to nitrate uptake as compared to similar studies with other ions. The same is true regarding the induction of NRA8 in root tissue as a function of the rate of nitrate influx.
Jackson et al. (8) uptake (lag followed by accelerated rates) when transferred to a medium containing nitrate. The results of experiments using RNA and protein synthesis inhibitors (9) suggested that the accelerated rate of uptake was dependent upon continuous protein synthesis. It was suggested that synthesis of a specific nitrate transport protein was a logical possibility. The development of the accelerated phase of nitrate uptake appeared to be specifically dependent upon prior exposure to nitrate and a relatively small amount of nitrate in the tissue was sufficient to initiate the accelerated rate (9). Leonard and Hanson (10) noted that washing excised roots in dilute CaC12 solutions for 2 hr caused a doubling of the rate of accumulation of various ions. Nitrate was not among the ions tested and the seedlings were germinated on paper towels. Nitrate reductase is induced by nitrate (1, 2, 6) and it is believed that the rate of nitrate influx to the site of induction is the main controlling factor for the levels of NRA (1, 16).
Oaks et al. (18) showed that excised corn roots upon exposure to nitrate developed a characteristic NRA induction pattern, i.e., a lag, followed by an accelerated rate of induction and finally saturation. Because nitrate uptake was not determined, it is not known whether the influx of nitrate followed the same pattern that would suggest a causal relationship. Jackson et al. (9) observed similar patterns of nitrate uptake and induction of NRA in corn roots and concluded that continuous nitrate uptake was required to maintain NRA. Goldsmith et al. (5) , working with Penicillium chrysogenwn, reported that the induction and decay characteristics of nitrate uptake and nitrate reductase activity were different. However, they suggested that the nitrate uptake system was involved in the regulation of nitrate reductase. (15) . Nitrite was assayed colorimetrically according to the procedure described by Hageman and Flesher (6) .
Nitrate reductase activity was assayed using a modification of the procedure described by Hageman and Hucklesby (7). The assay mixture contained (in MAmoles): potassium phosphate buffer (pH 7.5), 50; KNO3, 20; NADH, 0.4 EDTA; and enzyme extract plus water to make a final volume of 2 ml. The reaction was terminated by adding 0.2 ml of 0.5 m zinc acetate plus 0.2 ml of phenazine methosulfate (46 mg/1). After standing 20 mmn at room temperature, the extracts were centrifuged at lOOOg for 10 inun. The supernatant was used for nitrite determination (6 (9, 16) NEYRA AND HAGEMAN Plant Physiol. Vol. 56, 1975 NRA is regulated by the rate of nitrate influx. The coincidence in both patterns raises the possibility for a coordinate induction of nitrate reductase and the nitrate uptake system.
Effects of Nitrate and Washing on Nitrate Uptake. When the uptake media contained 2.5 mm nitrate the development of the accelerated rate of nitrate uptake starts after about 1 hr of incubation and reaches full development after about 2 hr. The following experiments were designed to characterize the events associated with the first 2 hr of uptake and more specifically to determine the actual contribution of washing with and without nitrate on the development of the accelerated rates of nitrate uptake. Washing (without nitrate) the roots for 2 hr enhances nitrate uptake but the lag period, although shortened, is still present (Fig. 3A) . The enhancement in the rates of nitrate uptake leads to increased rates of induction of NRA (Fig. 3B) .
In other experiments, the nitrate uptake by excised unwashed roots was 1.7 ,moles g fresh wt-' hr-1 over a 2-hr period. In contrast, comparable roots pretreated for 2 hr at 30 C in a vigorously aerated washing solution of 5 mm MES buffer pH 6, 0.5 mM CaSO4 with and without 2.5 mm KNO3 had nitrate uptake rates of 4.4 and 5.9 ,moles g fresh wt-1 hr-1, respectively. Washing with nitrate abolished the initial lag period. (Fig. 4) . The inset (Fig. 4) shows that the reciprocal plot (Lineweaver-Burk) of the rate of nitrate uptake versus nitrate concentration (0.2-50 mM) was not linear but hyperbolic. More than one Km for nitrate uptake can be resolved from these data, which suggest the existence of either one carrier system with changing kinetic constants (12, 17) or the existence of dual mechanisms (4). 
